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Global	Trade	over	the	last	500	Years
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Movement of Biota by Humans



Hulme	(2009)	J.	Applied	Ecology 46:10

Linking	trade	to	new	non-native	species:	
introduction	into	Europe	by	taxonomic	group



The	increase	in	invasions	by	invertebrates

Zebra	mussels	



Emerald	ash	borer

The	increase	in	invasions	by	invertebrates

Solid	wood	packing	
material	used	in	
global	trade

Ash	trees	killed	by	
emerald	ash	borer	in	
Toledo,	OH	(Photo	
Credit:	Dan	Herms)



What	we	know:

Lots	of	variation	in	establishment	success!	

Although	difficult	to	quantify,	it	is	believed	that	only	a	
minority	of	arriving	species	successfully	establish	in	a	new	
area	(<20%)

There	is	even	more	variation	in	what	will	ultimately	be	
invasive	or	noxious

The	“tens”	rule:	1	of	10	species	will	successfully	establish;	1	
of	10	of	them	will	become	a	pest
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Biological invasions: a known unknown
New species will continue to arrive, but we do not 
know which will be invasive/noxious or where they 

will be invasive/noxious



Can we turn this into a known known: can we 
better predict which species will be 

invasive/noxious and where?
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<	20%	Cause	Damage >	80%	Cause	No	Damage

Multi-Billion	Dollar	Question	
What	are	the	factors	that	determine	the	impact	of	a	

non-native	insect	species?



Non-native	
Insect	
Impact

Tree	Host	
Traits

Insect	
Traits

Plant	Host-
Plant	Host	
Relationship

Insect-Insect	
Relationship
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Yamanaka	et	al.	(2015):	list	
of	non-native	insects	in	
North	America:	~3,500	
species,	of	which	~1,900	
species	are	herbivorous

Subset	to	non-native	forest	
herbivorous	insects	using	
Aukema	et	al.	(2010):	~450	
species

Conducted	initial	study	on	
conifer	specialists	
(49	North	American	
conifer	host	species)



Cupressaceae
Calocedrus
Chamaecyparis
Cupressus
Juniperus
Taxodium
Thuja

Pinaceae
Abies
Larix
Picea
Pinus
Pseudotsuga
Sequoia
Tsuga

Taxaceae
Taxus

*Two	NA	genera	with	no	association	with	non-native	insects	
(Sequoiadendron &	Torreya)



20	Families

Coleoptera
17% Diptera

2%

Hemiptera
53%

Hymenoptera
12%

Lepidoptera
16%

58	Conifer	Specialist	Species	
(5	taxonomic	orders)



Feeding	Guild Native	Range Dispersal	
Mechanism

Fecundity

#	Host	Genera	in	
Native	Range

Considered	Pest	in	
Native	Range

Reproductive	
Strategy

No	insect	traits	were	found	to	influence	impact

1.	Insect	Traits	(n =	58	insect	species)



Shade	Tolerance Lifespan Foliage	Texture Bark	Thickness

Drought	Tolerance Carbon:Nitrogen Growth	Rate

2.	Host	Plant	Traits	(n =	49	host	species)



Model K AICc ΔAICc ѡ

Shade	Tolerance	+	Drought	Tolerance 6 109.5468 0.0000 0.7911

Growth	Rate 3 114.7650 5.2182 0.0582

Wood	Density	+	Growth	Rate 4 114.9286 5.3817 0.0537

Wood	Density 2 115.5670 6.0202 0.0390

Null	Model 1 116.8493 7.3024 0.0205

Foliage	Texture	+	Growth	Rate 5 116.8634 7.3165 0.0204

Foliage	Texture 3 118.6046 9.0578 0.0085

Drought	Tolerance 4 119.1416 9.5947 0.0065

Global	Model 14 121.8415 12.2946 0.0017

Fire	Tolerance	+	Drought	Tolerance 7 124.8342 15.2874 0.0004

Information-Theoretic	Approach
- Compares	&	ranks	multiple,	alternative,	plausible	models	
(i.e.	hypotheses)	based	on	degree	of	support	from	the	data



P[High	Impact]	~	Shade	tolerance	+	Drought	Tolerance
~1	in	4	chance	
of	being	high	

impact

~1	in	70	chance	
of	being	high	

impact

• 100%	=	High	Shade	Tolerance
• 88%	=	Low	Drought	Tolerance

• 0%	=	High	Shade	Tolerance
• 53%	=	Low	Drought	Tolerance

Abies,	Picea,	&	Tsuga	species	Pinus,	Larix,	&	Juniperus	species	



Why	High	Shade	Tolerance	+	Low	Drought	Tolerance?

Resource	Availability	
Hypothesis

Shade	Tolerant/Drought	
Intolerant	Species

• Have	a	small	carbon	budget
• Lower	concentration	of	

constitutive	defenses,	
perhaps	they	tend	to	be	less	
attacked	by	native	insects

• This	could	open	a	window	of	
susceptibility	to	non-native	
specialists	insects



Red	Pine

Divergence	time	to	most	
recent	common	ancestor	=	

13.42	mya
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3.	Native	Host-North	American	Host	Phylogenetic	Distance
(222	Host	Pairs)

Leslie	et	al.	(2012)	PNAS 109:16271

Scots	Pine



Native	Host	– North	America	Host	
Divergence	and	Folivores	

Highest	probability	of	a	
folivore	being	high	
impact	à on	a	tree	
closely	related	to	its	
native	tree



Native	Host	– North	America	Host	
Divergence	and	Sap	Feeders

Highest	probability	of	a	
sap	feeder	being	high	
impact	à on	a	tree	
moderately	related	to	
its	native	tree



Subtribe

Tribe

Subfamily

Family

Superfamily

Suborder

Order

Feeding	Guild

Genus

4.	Insect	Relatedness	
(n =	203	insect-insect-tree	pairs)

Shared	Genus?

Shared	Family?

Shared	Order?



Model K AICc ΔAICc ѡ

Shared	genus 2 98.7783 0.0000 0.8909

Null	model 1 103.9076 5.1293 0.0686

Shared	family 2 104.9576 6.1793 0.0406

Insect	Relatedness	Model	Comparison	(3 models)

• Tree	could	be	adapted	to	similar	
feeding	by	congener,	so	not	as	
sensitive

• Tree’s	defenses	against	congener	
could	be	effective	against	non-
native

• Congener’s	natural	predators	
could	attack	non-native	insect



Non-native	
Insect	
Impact

Tree	Host	
Traits

Insect	
Traits

Plant	Host-
Plant	Host	
Relationship

Insect-Insect	
Relationship



Overall	Composite	Model

Predicted	risk	
for	insect	(i)	on	
tree	(t)	for	
model	(m)

Observed	high	
impact	

proportion	for	
model	(m) Observed	high	

impact	
proportion	for	
dataset	(0.073)

Number	of	
models	used	

(1-3)

Overall	risk	of	
insect	(i)	on	
tree	(t)

Average	of	the	3	model	residuals



Using	our	combined	model	(host	
plant	traits,	insect	traits,	host-
host	phylogeny,	and	insect	
phylogeny)		in	prediction

Large	pine	aphid
Native	to	Eurasia.
Pest	on	Scots	pine,	
sometimes	Corsican	
pine.	Recently	detected	
in	North	America

~	44%

~	3.7%
~	0.8%
~	0.8%

~	0.8%

~	0.8%

~	0.8%



Using	composite	model	to	predict	risk	for	non-native	
species	not	currently	established	(or	very	recently	
introduced)	in	NA

Currently	modeling	hardwood	specialists

Expanding	project	to	generalist	herbivorous	insects

Future	Directions
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